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(54) Method and apparatus for setting up a connection to a target base station in a cellular or 
cordless mobile communications system 

(57) Methods, systems and network elements are 
described to improve the speed of handover in a mobile 
radio telecommunications system. In one embodiment a 
mobile terminal (114) transmits a list of addresses of 
network nodes (102, 103, 105, 122, 125) to a target 
base station (106) in preparation for setting up a new 
radio link to the target base station (106). The list of 
addresses can be used by the target base station (106) 
to select a node (1 22, 1 25) which is common to both the 
old and the new communication path and to address 
this node directly without requiring a cross-over switch 
network query. The new path (122, 110, 106) can then 
be set up quickly ready for the handover to target base 
station (106). In a further embodiment the network dis- 
tributes pre-authenticated signatures for the mobile ter- 
minal (114) to the nodes (102, 103, 105, 122, 125) of 
the network currently supporting a communication. This 
allows local verification of a mobile terminal 1 14 when it 
attempts to set up a new radio link with a target base 
station (106). In yet a further embodiment the target 
base station (106) starts fast power control with the 
mobile terminal 114 before the new communications 
path (125, 110, 106) has been set up through the net- 
work. 
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1 EPOJ 

Description 

[0001 ] The present invention relates to a method of 
forward handover (sometimes known as "hand off") or 
for certain types of call restablishment in a cellular or 
cordless mobile telecommunications system. Embodi- 
ments of the present invention may find application in 
many forms of mobile telecommunications system inde- 
pendent of the access method, e.g. FDMA, TDMA, 
FDMA/TDMA, CDMA, FDMA/TDMA/CDMA, TDD, 
CDMA/TDD or similar methods. The present invention 
may also relate to a mobile telecommunications net- 
work and a method of operating the same. 

TECHNICAL BACKGROUND 

[0002] Cellular mobile telephone systems rely on 
the reuse of radio frequencies in different cells or radio 
coverage areas. When a mobile terminal moves from 
communication with a base station in one cell (original 
base station) to another it is necessary to "handover" 
the mobile terminal to the base station (target base sta- 
tion) of the new cell. Handovers may be passive or 
active, i.e. a handover may be necessary when there is 
no active communication and the mobile terminal is 
"camped" on the current cell and must be transferred to 
the new cell (passive handover) or when there is an 
active communication which must be transferred from 
the current to the target base station (active handover). 
In order to avoid loss of data during an active handover 
it is preferred if the handover is quick. In order to 
improve the speed of handovers both "seamless" and 
"soft" handovers have been proposed. A seamless 
handover is a "hard" handover (new connection to the 
target base station is made at the time of loss of the old 
connection) in which the network connections up to the 
target base station are reserved and synchronised so 
that when the actual handover takes place there is the 
minimum of interruption between breaking the commu- 
nication with the old base station and connecting 
through to the new base station. In a soft handover the 
mobile terminal communicates with both the old base 
station and the target base station at the same time and 
the network may decide, based on certain communica- 
tion qualities or other criteria, when the signals arriving 
via the target base station are acceptable and the link to 
the original base station may be broken. 
[0003] Hard handover methods may suffer from 
suddenly varying signal strength. The deterioration of 
the signal quality of communications with the original 
base station may be masked by shadowing and widely 
varying fading on the current communication channel so 
that the reduction in signal quality which triggers the 
handover may occur suddenly and catastrophically (for 
example, the "corner effect"). In this situation communi- 
cation with the original base station is lost suddenly and 
a handover procedure which relies on a handover 
request being sent to the original base station may fail. 
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Schemes have been proposed to deal with this situa- 
tion, e.g. on loss of communication with the original 
base station the mobile terminal attempts a forward 
handover, i.e. it tries to make contact with a target base 

5 station and the network attempts to set up the new route 
through the network from the target base station. Set- 
ting up the new network path takes some time, particu- 
larly as the network has not been prepared in any way 
for this emergency operation, so that it is almost impos- 

10 sible with this method not to loose some data. Very 
often the complete communication is lost. 
[0004] An alternative is to allow communication with 
more than one base station at the same time so that 
sudden loss of communication with one base station 

is has no affect on the current communication. A method 
and a system for providing a communication with the 
mobile terminal through more than one base station 
during the handover process are disclosed in U.S. 
5,625,876. Using this system, a communication 

20 between the mobile terminal and the end user is not 
interrupted by a handoff from the original base station to 
a target base station. This type of handover may be con- 
sidered as a "soft" handover in that communication with 
the target base station is established before communi- 
ng cation with the original base station is terminated. When 
the mobile terminal is in communication with two base 
stations, a single signal for the end user may be created 
from the signals from each base station by a cellular or 
personal communication system controller. 

30 [0005] In systems in which a mobile terminal may 
communicate with several base stations at the same 
time, e.g. CDMA systems, mobile terminal assisted 
handoff may operate based on the signal strength of 
beacon or pilot signals from several sets of base sta- 

35 tons as measured by the mobile terminal. An Active Set 
is the set of base stations through which active commu- 
nication is established. The Neighbour Set is a set of 
base stations surrounding an active base station com- 
prising base stations that have a high probability of hav- 

40 ing a pilot or beacon signal strength of sufficient level to 
support communication of adequate quality. The Candi- 
date Set is a set of base stations having a pilot or bea- 
con signal strength of sufficient level to establish 
communication. 

45 [0006] When communications are initially estab- 
lished, a mobile terminal communicates through a first 
base station and the Active Set contains only the first 
base station. The mobile terminal monitors the pilot or 
beacon signal strength of the base stations surrounding 

so at and each of these is allocated to the Active Set, the 
Candidate Set, or the Neighbour Set. When a pilot or 
beacon signal of a base station in the Neighbour Set 
exceeds a predetermined threshold level, the base sta- 
tion is added to the Candidate Set and removed from 

55 the Neighbour Set of the mobile terminal. The mobile 
terminal communicates a message to the original base 
station identifying the new base station. A cellular or 
personal communication system controller decides 
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whether to establish communication between the new 
base station and the mobile terminal. Should the cellu- 
lar or personal communication system controller decide 
to do so, the cellular or personal communication system 
controller sends a message to the new base station with 
identifying information about the mobile terminal and a 
command to establish communications therewith. A 
message is also transmitted to the mobile terminal 
through the original base station. The message identi- 
fies a new Active Set that includes the original and the 
new base stations. The mobile terminal searches for the 
new base station transmitted information signal and 
communication is established with the new base station 
without termination of communication through the origi- 
nal base station. This process can continue with addi- 
tional base stations. 

[0007] When the mobile terminal is communicating 
through multiple base stations, it continues to monitor 
the signal strength of the base stations of the Active Set, 
the Candidate Set, and the Neighbour Set. Should the 
signal strength corresponding to a base station of the 
Active Set drop below a predetermined period of time, 
the mobile terminal generates and transmits a message 
to report the event. The cellular or personal communica- 
tion system controller receives this message through at 
least one of the base stations with which the mobile ter- 
minal is communicating. The cellular or personal com- 
munication system controller may decide to terminate 
communications through the base station having a 
weak pilot or beacon signal strength. 
[0008] The cellular or personal communication sys- 
tem controller upon deciding to terminate communica- 
tions through a base station generates a message 
identifying a new Active Set of base stations. The base 
station through which communication is established 
sends a message to the mobile terminal. The cellular or 
personal communication system controller also commu- 
nicates information to the relevant base station to termi- 
nate communications with the mobile terminal. The 
mobile terminal communications are thus routed only 
though base stations identified in the new Active Set. In 
a cellular or personal communication telephone system, 
maximising the capacity of the system in terms of the 
number of simultaneous telephone calls that can be 
handled is also extremely important. If the mobile termi- 
nal is communicating simultaneously with several base 
stations, for example, when the mobile terminal is close 
to the boundaries of several different cells, additional 
radio and network resources are occupied which 
reduces the total capacity of the system. Hence, it is 
advantageous to limit the number of simultaneous com- 
munications of the same data using up radio capacity. 
Further, a high bit-rate, high priority mobile terminal 
which approaches a cell boundary may be operating at 
high power due to poor communication channels. This 
high power signal may seriously increase the noise level 
in the target cell. Generally, fast power control of the 
mobile terminal from the target base station will only be 



effective after the soft handover is complete. During this 
delay the users in the target cell may receive poor com- 
munication quality and/or loss of their calls. 
[0009] As mobile cellular telephone systems have 

5 become more sophisticated, the handover require- 
ments have also become more complex. In particular, 
there is an increase in the types of communications 
supported by mobile telecommunication systems and 
the requirements of these communications may be 

w widely different. Important parameters of any communi- 
cation may be its urgency, i.e. how quickly must the 
handover take place and how much delay or interruption 
is acceptable, its bandwidth, its minimum or preferred 
signal quality, its data rate, its priority, i.e. is the commu- 

15 nication a premium service which may take priority over 
less important messages. Conventionally, certain types 
of data are considered to require a very quick handover 
with little loss or delay of the communication, e.g. tele- 
phone conversations. The increasing use of Internet tel- 

20 ephones indicates, however, that delays in voice 
communications may be acceptable provided there is a 
significant cost saving. In addition, there is an increas- 
ing use of voicemail. Some telephone users only use 
their fixed telephones for outgoing calls and switch all 

25 ingoing calls to voicemail leaving them undisturbed until 
they wish to create a communication. With voicemail it is 
only necessary that the voice information is recorded 
accurately, exactly when it arrives is not of such a great 
importance. These changes in voice communications 

30 mean that different I evels of service may be provided by 
the mobile communication network operator, e.g. a high 
price voice communication with high urgency and prior- 
ity and a low price voice communication in which delays 
in duplex communications are possible and have to be 

35 accepted. On the other hand, certain types of data 
transmissions suffer greatly if there is an interruption 
during handover. Also, the bandwidth for different types 
of voice or data transmissions may vary widely, e.g. 
video, computer file downloads, voice or fax. Thus, 

40 there are several different qualities of service (QoS) 
which may be required for any particular transmission. 
During a handover the required QoS of the current 
transmission may be one of the parameters which influ- 
ences the handover decision, i.e. can the new path sup- 

45 port the required QoS. Checking the QoS for the new 
path requires knowledge about the properties of the 
new route from the target base station through the net- 
work to the end user to decide whether or not it meets 
the minimum QoS or the present QoS of the current 

so transmission. This increase in sophistication of the 
handover decision increases its complexity and the time 
taken for its successful completion. For example, if one 
of the QoS requirements of an existing transmission is 
its priority i.e. it has a higher priority than other transmis- 

55 sions in the old cell or new cell it may be necessary to 
terminate lower priority communications in the target 
cell or to arrange for them to be handed over to another 
cell before the high priority communication can itself be 
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handed over. 

[001 0] Summarising the above, there is a need for a 
very fast handover which can accommodate QoS 
requirements such as priority, urgency, bandwidth or 
cell or packet delay and which is easy to implement. s 

SUMMARY OF THE PRESENT INVENTION 

[0011] The present invention includes a method of 
operating a telecommunications system in which mobile 10 
terminals may communicate with base stations over an 
air interface and a communications network is provided 
for linking each base station to other points in the net- 
work via one or more nodes, a communication to 
another user terminal being supported by one or more is 
radio links between one or more current base stations 
and a mobile terminal through a plurality of current 
nodes of the system, the method comprising the steps 
of providing to the mobile terminal information defining 
explicitly a least some of the current nodes of the com- 20 
munications network supporting the communication; 
and, in preparation for setting up a further radio link 
between the mobile terminal and a target base station: 
the mobile terminal transmitting the information defining 
explicitly a least some of the current nodes of the com- 25 
munications network supporting the communication to 
the target base station. The method also includes set- 
ting up a new path from one of the nodes explicitly 
defined in the information to the target base station thus 
reusing part of the old communication path. The explicit so 
information may include the addresses of the nodes or 
aliases of the addresses, for instance. 
[0012] The present invention also includes a tele- 
communication system in which mobile terminals com- 
municate with base stations over radio links, 35 
comprising: a communications network for linking each 
base station to other points in the network via one or 
more nodes, a communication between a mobile termi- 
nal and another user terminal being connected via one 
or more radio links to one or more current base stations 40 
and through a plurality of current nodes of the network, 
wherein, in preparation for setting up a further radio link 
between the mobile terminal and a target base station, 
the mobile terminal is adapted to transmit to the target 
base station information defining explicitly at least some 45 
of the current nodes of the communications network 
supporting the communication. The explicit information 
may include the addresses of the nodes or aliases of 
the addresses, for instance. 

[0013] The present invention includes a method of so 
operating a telecommunications system in which mobile 
terminals may communicate with base stations over an 
air interface and a communications network is provided 
for linking each base station to other points in the net- 
work via one or more nodes, a communication to ss 
another user terminal being supported by one or more 
radio links between one or more current base stations 
and a mobile terminal through a plurality of current 



6 

nodes of the system, the method comprising the steps 
of providing the mobile terminal with pre-authenticated 
reference data for that mobile terminal ; copying the pre- 
authenticated reference data to at least some of the cur- 
rent nodes of the communications network supporting 
the communication; and, in preparation for setting up a 
further radio link between the mobile terminal and a tar- 
get base station: the mobile terminal transmitting at 
least a part of the pre-authenticated reference data to 
the target base station. 

[0014] The present invention also includes a tele- 
communication system in which mobile terminals com- 
municate with base stations over radio links, 
comprising: a communications network for linking each 
base station to other points in the network via one or 
more nodes, a communication between a mobile termi- 
nal and another user terminal being connected via one 
or more radio links to one or more current base stations 
and through a plurality of current nodes of the network, 
wherein, the system is adapted to provide the mobile 
terminal with pre-authenticated reference data for that 
mobile terminal and for copying the pre-authenticated 
reference data to at least some of the current nodes of 
the communications network supporting the communi- 
cation, and, in preparation for setting up a further radio 
link between the mobile terminal and a target base sta- 
tion, the mobile terminal is adapted to transmit to the 
target base station at least a part of the pre-authenti- 
cated reference data. 

[0015] The present invention includes a method of 
operating a telecommunications system in which mobile 
terminals may communicate with base stations over an 
air interface and a communications network is provided 
for linking each base station to other points in the net- 
work via one or more nodes, a communication to 
another user terminal being supported by one or more 
radio links between one or more current base stations 
and a mobile terminal through a plurality of current 
nodes of the system, the method comprising the steps 
of a target base station beginning fast power control 
with the mobile terminal in preparation for setting up a 
further radio link between the mobile terminal and the 
target base station before the path through the network 
supporting the further radio link is complete. 
[0016] The present invention also includes a tele- 
communication system in which mobile terminals com- 
municate with base stations over radio links, 
comprising: a communications network for linking each 
base station to other points in the network via one or 
more nodes, a communication between a mobile termi- 
nal and another user terminal being connected via one 
or more radio links to one or more current base stations 
and through a plurality of current nodes of the network, 
wherein, in preparation for setting up a further radio link 
between the mobile terminal and a target base station, 
the target base station is adapted to begin fast power 
control with the mobile terminal station before the path 
through the network supporting the further radio link is 



EP 0 996 304 A1 



4 



7 



EP 0 996 304 A1 



complete. 

[001 7] The present invention also includes a mobile 
terminal for use in a telecommunication system in which 
mobile terminals communicate with base stations over 
radio links, the mobile terminal being adapted to trans- 
mit to a target base station information defining explicitly 
at least some of the current nodes of the communica- 
tions network supporting an existing communication in 
preparation for setting up a further radio link between 
the mobile terminal and the target base station. 
[0018] The present invention also includes a net- 
work element for use in a telecommunication system in 
which mobile terminals communicate with base stations 
over radio links, the network element being adapted to 
receive information explicitly defining at least some of 
the current nodes of the communications network sup- 
porting an existing communication, and for setting up a 
communications path with a further network element 
from the explicit information in preparation for setting up 
a further radio link between the mobile terminal and the 
target base station. 

[0019] The linking technical concept between the 
embodiments is that of limiting the possibly disturbing 
effects of a mobile terminal close to the border of one 
cell on a neighbouring cell by reducing the handover 
time and/or by starting the fast power control as soon as 
possible. Handover time may be reduced by transmit- 
ting explicit information defining the nodes supporting 
the existing communication to the target base station 
from the mobile terminal and/or using pre-authenticated 
signatures in the handover request which allow verifica- 
tion of the signature in a part of the network local to the 
target base station. It is preferred in any of the systems, 
network elements or methods according to the present 
invention that the explicit information defining nodes 
supporting the existing communication includes explicit 
information defining at least two levels of a hierarchical 
telecommunications network. The explicit references to 
the nodes of the current communication allow rapid set- 
ting up of a partly new path to the target base station 
while maintaining optimal use of existing paths of the 
communication. 

[0020] The information relating to the existing 
nodes supporting a call may be used as part of several 
procedures, e.g. a handover procedure, a call re-estab- 
lishment, to determine whether a member of the Candi- 
date set of the mobile terminal is added to the Active 
set, or whether a member of the Neighbour set of the 
mobile terminal is added to the Candidate set. 
[0021 ] The present invention will now be described 
with reference to the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is a schematic representation of a telecom- 
munications network in accordance with a first 



embodiment of the present invention. 
Fig. 2 is a schematic representation of a switch 
rerouter in accordance with the present invention. 
Fig. 3 is a schematic representation of part of the 
5 network of Fig. 1 . 

Fig. 4 are schematic look-up tables use to control a 
switch rerouter in accordance with an embodiment 
of the present invention. 

Fig. 5 is a schematic representation of a network in 
10 accordance with a second embodiment of the 
present invention. 

Fig. 6 is a schematic representation of part of the 
network of Fig. 5 during a soft handover. 
Fig. 7 is a representation of the network after the 
15 soft handover of Fig. 6 is complete. 

Fig. 8 is a schematic representation of a network 
supporting a soft handover in accordance with a 
third embodiment of the present invention. 

20 DESCRIPTION OF THE ILLUSTRATIVE EMBODI- 
MENTS 

[0023] The present invention will be described with 
a reference to certain embodiments and drawings but it 

25 is not limited thereto but only by the claims. In particular, 
the present invention will mainly be described with refer- 
ence to handover procedures, but the present invention 
may also find application in call re-establishment after 
loss of the communication channel between a mobile 

30 terminal and its current base station or for determining 
which target base station should be included within the 
Active set of the mobile terminal. Further, the present 
invention will mainly be described with reference to cel- 
lular mobile telecommunication systems, but the 

35 present invention is not limited thereto and may be 
applied to any mobile telecommunication system, e.g. a 
cordless telecommunication system such as DECT, 
which routes messages through a network to trans- 
ceiver base stations. 

40 [0024] A first embodiment of the present invention 
will be described with reference to Fig. 1 which is a 
schematic representation of a cellular mobile telephone 
system 10. It may include a first network 20 which pro- 
vides communication routing to a plurality of base sta- 

45 tions 21 to 23, each of which has a radio coverage area 
or "cell". Network 20 includes the necessary control and 
execution units to be able to set up a communication 
between any of the mobile terminals 33 to 34 with any 
other mobile terminal or with any other user in fixed 

so wireline or mobile telephone networks 50 , 60 such as 
existing public or private mobile telephone networks, 
PSTN's, or commercial data networks. A portion of the 
network 10 may include a core network or backbone 
network 40 for routing calls to and from networks 20, 50 

55 and 60. 

[0025] Let us assume that an existing call has been 
set up between a fixed terminal 62 associated with net- 
work 60 and a mobile terminal 33. The communication 
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path traverses network 60, network 10 and network 20 
whereby the switching node 31 is the gateway switch to 
network 20. Switches 26, 27 and 28 as well as base sta- 
tion 22 and the radio air interface between base station 
22 and mobile terminal 33 support the communication. s 
If the mobile terminal 33 now moves into the radio cov- 
erage area 37 of base station 23 it is necessary to 
handover the communication from base station 22 to 
base station 23. There are various possibilities for set- 
ting up the new path in network 20 from base station 23 w 
to gateway switch 31, whereby some of these routes 
may take a longer time to set up than others (involve 
more rerouting procedures at switches) and some may 
only provide a limited quality of service, e.g. bandwidth, 
packet delay. To reduce the handover time to a minimum 1S 
an optimised new route in network 20 is preferably 
determined and resources allocated and synchronised 
when necessary before the handover is completed, 
whereby at least part of the old route is re-used wher- 
ever possible. In accordance with the present invention 20 
at least a part of the series of switching nodes 31, 26, 
27, 28 are preferably reused in the new network con- 
nection from base station 23 to gateway switch 31 . The 
more of the current route supporting the current com- 
munication to base station 22 which can be re-used, the 2 s 
less time it is necessary to set up the communications 
through the new switching nodes present in the new 
route to base station 23, however, such a new route may 
be longer or cause more traffic problems than another 
route. Hence, an optimum new route may include a 30 
choice between different potentially conflicting require- 
ments and limitations. There are various known meth- 
ods for selecting a new route in network 20 to support a 
handover from one cell to another. One technique 
involves sending a handover request from mobile termi- 3S 
nal 33 to the original base station 22 providing an indi- 
cation of the base station 23 which is to be the target 
base station of the handover. The mobile terminal 33 
may assist in determining which of the base stations is 
the most suitable for handover by providing to network 40 
20 indications of the signal strength or signal quality 
from signals received by mobile terminal 33 from target 
base stations such as 23. Alternatively, the mobile ter- 
minal 33 may contain sufficient intelligence to decide on 
the target base station based on its own measurements. 45 
Any handover decision algorithm which involves the 
mobile terminal 33 sending a handover request to the 
original base station 22 may suffer from the problem 
that the mobile terminal 33 loses communication with 
the old base station. For instance, if the mobile terminal 50 
33 is close to the point at which a handover is required, 
the signal strength and quality of transmissions to and 
from base station 22 is likely to be poor. In large metro- 
politan areas shadowing effects may result in a very 
sudden temporary loss of communication with original 55 
base station 22 with the risk of a total loss of communi- 
cation. On the other hand, mobile terminal 33 is moving 
towards base station 23 so it is to be expected that the 



signal strength and quality from base station 23 will con- 
tinuously improve. In accordance with one embodiment 
of the present invention it is preferred if the mobile ter- 
minal 33 sends the handover request to the target base 
station 23 rattier than to the original base station 22. 
Further, in order to speed up handover in accordance 
with the present invention, mobile terminal 33 sends 
information to base station 23 in the handover request 
which explicitly identifies at least some of the switching 
nodes 26 to 28 and 31 of network 20 which are involved 
in supporting the current communication. This informa- 
tion can be used by network 20 to determine an opti- 
mum new part of the path required to the base station 
23 from one of the switching nodes 26, 27 or 28 while 
re-using the rest of the network. In addition the mobile 
terminal may send, in accordance with another embod- 
iment of the present invention a pre-verified and author- 
ised signature with the handover request. As the nodes 
of network 20 which support the current communication 
have been informed of the signatures useable by mobile 
terminal 33, the time for verification and authentication 
of the mobile terminal is reduced. 
[0026] The switch which is the last switch in the old 
communication path which can be re-used is called the 
"cross-over switch". In accordance with the present 
invention, the information in the handover request spec- 
ifying the switching nodes involved in the current com- 
munication should be an explicit reference to these 
nodes which are potential cross-over switches rather 
than only a reference to virtual connections or links 
used in the existing communication. For example, in 
accordance with the present invention a list of network 
addresses or address aliases of the switching nodes 26, 
27, 28 and 31 may be transmitted with the handover 
request from mobile 33 to the target base station 23. 
The purpose of sending the addresses to the target 
base station is to allow the network to immediately iden- 
tify the switching nodes involved in the current commu- 
nication and to ascertain whether any of the nodes 26, 
27, 28 and 31 lies on a potential new route through net- 
work 20 to base station 23. In particular, network 20 can 
determine from the transmitted list of addresses which 
of the nodes 26-28, 31 in the existing communication 
path could or should be the start of the new part of the 
path to base station 23. The new part of the path to 
base station 23 must be set up from the crossover 
switch and therefore it is preferred in accordance with 
this embodiment of the present invention if the nodes 
whose addresses are transmitted to the target base sta- 
tion 23 by the mobile terminal 33 are switches which are 
capable of setting up such a new path through network 
20. The mobile terminal 33 does not need, in accord- 
ance with the present invention, to transmit the 
addresses of all the switching nodes involved in the cur- 
rent communication. For instance, only the addresses of 
switches which may serve as crossover switches may 
be transmitted as not every switch may be able to 
reroute a communication and thus be suitable as a 
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potential cross-over switch. 
[0027] As an example of the first embodiment of the 
present invention, a seamless hard handover in an ATM 
(asynchronous transfer mode) network 20 will be 
described, however, the present invention is not limited 
thereto. It is anticipated that the exact form of communi- 
cation transfer, whether Internet protocol (IP), Mobile IP, 
ATM or any other protocol, is not a limitation on the 
present invention although it may well affect the detailed 
implementation thereof. 

[0028] In an ATM network a communication is bro- 
ken up into discrete "packets" or "cells" whereby in the 
following the word packets will be used in order to avoid 
confusion between these communication cells and geo- 
graphical cells. Each packet is sent one at a time 
through the network 20. In order to make optimal use of 
each connection, packets from many different callers 
may simultaneously share the same communication link 
in the network thus requiring that each packet is distin- 
guished from other packets in some way. ATM packets 
are divided into two sets or fields of information. One set 
is the information which the user intends to transmit and 
the other set is called the "header". Additional fields 
may be added where more complex switching tech- 
niques are used. The header contains routing informa- 
tion, including a virtual channel identifier (VCI). The VCI 
is an indication which is assigned to the packet which 
allows an ATM switch to know where to send the packet 
next based on the switch port where the packet has 
been received. A conventional ATM switch has several 
input and output ports. The ATM switch keeps a record 
of the input port, the VCI for the input port, the output 
port and the VCI for the output port for example in a 
"look-up table". For every possible input port and incom- 
ing VCI combination, there is a corresponding output 
port and outgoing VCI combination programmed into 
the look-up table. When an ATM switch receives a 
packet at the given port, the ATM switch will find the row 
in the look-up table which has the incoming VCI and 
input port corresponding to the received packet. The 
ATM switch will then switch or route the packet to the 
output port which appears in the same row and replaces 
the incoming VCI in the packet header with the outgoing 
VCI. 

[0029] It is preferred in accordance with the present 
invention if the header of the ATM packets used for com- 
munication to and from a mobile terminal 21 to 23 
includes an identifier for that mobile terminal, i.e. a sig- 
nature or signatures. Methods of generating secure sig- 
natures are known to the skilled person. In accordance 
with the present invention, a number of secure signa- 
tures may be provided to a mobile terminal from a suit- 
able authentication unit within the mobile 
telecommunications system and this list of signatures 
may be communicated to all nodes of the network 20 
which supports a communication to or from the mobile 
terminal 21-23. ATM switches in network 20 which are 
suitable as potential crossover switches will be called 
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"switch rerouters" in accordance with the present inven- 
tion. These switch rerouters have the capability to 
reroute a packet, i.e. to provide the packet with a differ- 
ent VCI and to send it to a different port than previous 

5 packets of the same communication. A switch rerouter 
27 in accordance with one embodiment of the present 
invention is shown schematically in Fig. 2. The switch 
rerouter 27 performs the rerouting of the virtual channel 
connection during handover. It is an ATM switch having 

w input ports 55 and output ports 56. At each input port 55 
of the switch rerouter 27, there is a monitor/comparitor 
57 which has read/write access to the switch's look-up 
table 58. In the table 58 information may be stored 
which not only associates a virtual channel connection 

j5 with an incoming and outgoing VCI as well as the 
incoming and outgoing switch ports of the connection 
but also the signature or signatures of the mobile termi- 
nal 33 using the connections may be stored optionally. 
Fig. 4 shows one example of an implementation of this 

20 embodiment which includes a look-up table in an ATM 
switch rerouter in accordance with the present invention 
but the present invention is not limited to look-up tables 
as only method of implementation of this embodiment. 
With reference to Figs. 2 to 4, when the mobile user 33 

2s is communicating via the base station 22 there is a vir- 
tual channel connection established through network 20 
from base station 22 to gateway switch 31. When the 
communication is set up, the signature or list of signa- 
tures of mobile terminal 33 is communicated to all 

30 nodes of the network supporting the call, e.g. base sta- 
tion 22, switch 28, etc. by network 20 and the signature 
or list of signatures is written into the look-up table of 
each such node on the row including the virtual channel 
indication VCI of the communication (Fig. 4a). Commu- 

35 nications which leave the base station 22 are assigned 
a virtual channel identifier VC1 by base station 22. The 
packets are transmitted via output ports 70 to input 
ports 66 of switch 28 (which is a normal ATM switch). 
Switch 28 reads the VCI from the header of each 

40 packet, consults its look-up table (Fig. 4a) using VC1 
and input port 66 as search parameters and assigns a 
virtual channel identifier VC3 to each packet to let ATM 
switch rerouter 27 know where the communication is 
coming from and what the packet's final destination is. 

45 The packet is transmitted via output port 64 of switch 28 
to input port 62 of the ATM switch rerouter 27. The mon- 
itor/comparitor 57 of ATM switch rerouter 27 reads VC3, 
consults its look-up table (Fig. 4B) and checks that the 
"Enabled" flag has been set to "1", meaning that this is 

so an active communication. The packet is then assigned 
the virtual channel identifier VC4 to instruct the next 
switch 26 where the packet is destined to go. 
[0030] Packet communications travelling towards 
base station 22 from outside network 22 will arrive at 

55 ATM switch rerouter 27 from switch 26 at input port 73 
with a virtual channel identifier VC1. The monitor/com- 
paritor 57 at input port 73, consults its look-up table and 
assigns a virtual channel identifier of VC2 to indicate to 
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switch 28 that the packet is destined for base station 22, 
and checks that the "Enabled" flag has been set to "1 " 
(Fig. 4B). The packet leaves via output 61 and enters 
input port 63 of switch 28. Switch 28 reads VC2 and 
after consulting its look-up table (Fig. 4A) gives the 
packet the virtual channel identifier VCO which is 
switched to output port 65 and is transmitted to base 
station 22 via input port 69. 

[0031] In accordance with this embodiment of the 
present invention, a specific message sent between 
gate way switch 31 and base station 22 contains a code 
in its header which is read by monitor/comparitor 57 in 
each switch rerouter 27 and causes each switch 
rerouter 27 to include its own network address or its 
address alias into the message and to forward it along 
the established communications path to base station 
22. Thus, the base station 22 receives, via this mes- 
sage, a list of the addresses or aliases of all the switch 
rerouters along the communication path of the current 
communication. Base station 22 then transmits the list 
of addresses of the current switch rerouters on the cur- 
rent path to mobile terminal 33 via the air interface. The 
mobile terminal 33 stores this information. Note that 
switches along the route which are normal ATM 
switches and not switch rerouters do not have a monitor 
comparitor 57 and therefore do not react to the address 
interrogation signal and their addresses are not 
included in the list of addresses sent to the mobile ter- 
minal 33. Similarly, an address interrogation signal is 
transmitted from base station 22 towards gateway 31 as 
part of the call set up and the list of addresses of switch 
rerouters along this path is stored in gateway 31 . 
[0032] In this embodiment of the present invention, 
call handover is initiated by the mobile user 33. The 
handover procedure may be initiated by anyone of sev- 
eral well known means. For example, the mobile termi- 
nal 33 may monitor power from each of the base 
stations in its vicinity and initiates a handover whenever 
the signal strength received from the terminals original 
base station approaches some lower threshold of QoS 
and there is at least one other base station from which 
an acceptably high power level is detected. The mobile 
terminal 33 then transmits a handover request to the 
selected target base station 23. The handover request 
may include the or a current signature of mobile termi- 
nal 33, the list of addresses of the switch rerouters 26, 
27 currently supporting the communication and option- 
ally a definition of the minimum and/or current QoS of 
the existing communication, e.g. bandwidth, urgency, 
maximum packet delay, priority. Base station 23 is pro- 
vided with sufficient topological information relating to 
the network and processing power to decide if one or 
more of the switch rerouters 26, 27 included in the list lie 
on the usual communication path for this base station. 
Optionally, base station 23 may also have sufficient 
information over the topology of network 20 so that it 
can determine the length and number of switching 
nodes between base station 23 and one or more of the 
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switch rerouters 26, 27 included in the transmitted list of 
addresses. Further, base station 23 is able to verify that 
the signature of the mobile terminal allows access to the 
network. Preferably, base station 23 does not have to 

s carry out an interrogation request to centralised network 
elements such as an authentication centre in order to 
determine this. Instead, it is preferred for time saving 
reasons if either the current list of all signatures of 
mobile terminals camped on or communicating with the 

10 network is transmitted to each base station so that the 
base station 23 can rapidly determine if the signature is 
enabling, or, which is the preferred method, the signa- 
ture of the mobile terminal 33 is verified when the base 
station requests the relevant switch rerouter to set up a 

is new path. The base station 23 selects one of the switch 
rerouters 26, 27 as the crossover switch for the hando- 
ver dependent upon a suitable algorithm, for instance, 
the route with the minimum number of hops between 
base station 23 and the crossover switch or by any other 

20 suitable method. Having selected the appropriate cross- 
over switch, let us say switch rerouter 27, the base sta- 
tion 23 sends a signal to switch rerouter 27 to set up a 
path between switch 27 and base station 23, to reserve 
the necessary resources in this new path and to syn- 

25 chronise ready for a transmission from mobile terminal 
33 to base station 23. This signal from the base station 
23 includes the current signature of mobile terminal 33, 
so that when the signal arrives at crossover switch 27, 
the switch rerouter 27 can determine from its look-up 

30 table whether the signature already exists in the look-up 
table because it has been previously communicated to 
this switch-rerouter 27 by the network. If it does the 
switch rerouter 27 may set up a new path. If not the 
switch 27 sends a message to the base station 23 

35 "mobile not authenticated" and the base station 23 
either sends a "handover request denied" signal to the 
mobile terminal 33 or the base station 23 requests 
authentication from network 20 in the conventional way. 
Assuming the switch rerouter 27 finds the signature 

40 innits look-up table, it determines from the look-up table 
which virtual connections and input and output ports are 
involved in the communication to be re-routed. Then 
switch rerouter 27 sets up a communication path to 
base station 23 parallel to the communication to base 

45 station 22. For instance, switch rerouter 27 sets up a 
communication to switch 24 so that packets received at 
input port 73 are transmitted via output port 60 but given 
a VCI of VC7 which indicates to switch 24 that the com- 
munication is for base station 23. As this new communi- 

50 cation is not active at the present time, the "Enabled" 
column is set to "0". Similarly, incoming packets from 
base station 23 via switch 24 with a VCI of VC5 arriving 
at port 59 are assigned a VCI of VC4 and transmitted 
via port 74 to indicate to switch 26 that these packets 

66 are for gateway 31 . Again the enabled column is set to 
"0" in the look-up table as this is not an active communi- 
cation yet. When this procedure is complete switch 26 
informs the base station 23 of the completion and the 
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base station 23 acknowledges the handover request to 
mobile terminal 33. 

[0033] When mobile terminal 33 receives the 
handover request acknowledgement it sends a hando- 
ver command to base station 23. Base station 23 trans- 
mits the handover command to crossover switch 27 
using the VCI now associated with this connection. 
When crossover switch 27 receives the handover com- 
mand it acknowledges the command to the mobile ter- 
minal 33 via base station 23 and switches the existing 
communication from the current output ports to the new 
output ports. It does this by changing the enabled con- 
nections to not enabled and the not enabled connec- 
tions to enabled. That is the entries in the look up table 
(Fig. 4B) are changed from "1 " to "0" and vice versa. At 
the same time mobile terminal 33 begins to communi- 
cate via base station 23 and sends a control message 
that the handover is completed. The handover complete 
message is sent to switch 27 which then instructs switch 
28 in the old communication path to tear down the com- 
munication. Network 20 may then update the signature 
or list of signatures for mobile terminal 33 in each of the 
nodes of the new communication path including the 
mobile terminal 33 so that the old signature used for set- 
ting up this new communication is deleted and cannot 
be used by an interloper who has received the signature 
sent in clear by mobile 33 with the handover request. 
[0034] If the target base station 23 does not recog- 
nise any of addresses of the switch rerouters on the cur- 
rent path transmitted by the mobile terminal, the 
handover request may be transferred to the next higher 
switch and so on until a switch is reached which has one 
of the named switch rerouters in the transmitted list 
within its normal communication pattern. Alternatively, if 
the target base station 23 does not recognise any of 
addresses of the switch rerouters on the current path 
transmitted by the mobile, a completely new path estab- 
lishment can be initiated. 

[0035] In accordance with a modification of this 
embodiment the mobile terminal 33 may optionally com- 
municate with at least 2 or more base stations at the 
same time. This may be carried out, for example, in an 
FDMA/TDMA system such as the European GSM 
mobile telecommunications network by a separate 
receiver at each base station which is specifically allo- 
cated to search for and synchronise with handover 
requests from mobile terminals not within the radio cell 
of its own base station. Alternatively, techniques such 
as disclosed in US 5,483,668, or US 5,577,047 may be 
used to provide the mobile terminal with the function of 
communicating with two base stations at the same time. 
Alternatively, CDMA or TDMA/CDMA systems or similar 
systems may be used in which the mobile terminals can 
support communications with more than one base sta- 
tion at the same time. 

[0036] A second embodiment of the present inven- 
tion will be described with reference to Figs. 5 to 7. The 
second embodiment includes a mobile telecommunica- 
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tions network 100 in which mobile terminals 114, 119 
may communicate with more than one base station 101- 
103, 106-108, 111-113, 116-118 simultaneously via 
radio links on a radio air interface. As an example, the 

5 communication system 1 00 may use a spread spectrum 
access method for the mobile terminals 1 14, 1 19, e.g. a 
CDMA, an FDMA/CDMA, a TDMA/CDMA, or an 
FDMA/TDMA/CDMA system or similar, in particular any 
system using direct sequence spread spectrum tech- 

10 niques. Typically, each base station 101-103; 106-108; 
111-113; 116-118 will transmit a beacon or pilot signal 
which can be processed by any mobile terminal. In an 
exemplary CDMA system, each base station transmits 
a pilot signal having a common PN spreading code that 

is is offset in code phase from the pilot signal of other base 
stations. During system operation, the mobile unit is 
provided with a list of code phase offsets corresponding 
to neighboring base stations surrounding the base sta- 
tion through which a communication is established. The 

20 mobile unit is equipped with a searching element that 
allows the mobile unit to track the signal strength of the 
pilot signal from a group of base stations including the 
neighboring base stations. The pilot signal will be typi- 
cally used by a mobile terminal for initial synchronisa- 

25 tion. 

[0037] Each group of base stations 101-103; 1 06- 
1 08; 1 1 1 -1 1 3 ; 1 1 6- 1 1 8 maybe controlled by a site con- 
troller 105; 110; 115; 120. Each triplet of base stations 
101-103; 106-108; 111-113; 116-118 may serve the 

30 three sectors of one site. Site controllers 105; 1 10; 1 15; 
120 communicate with a base station controller (BSC) 
125 which in turn may be connected to other switches 
within the network and to other networks such as a 
pubic telephone network (PSTN). In particular, network 

35 1 00 may be configured so that each BSC 1 25 can com- 
municate with any of its neighbour BSC'S directly. The 
protocols used for communicating between the BSC, 
the site controllers and other switches in the networks 
are not considered to be a limitation on the present 

40 invention and may be, for example, an IP, and IP/TCP, 
an ATM protocol or any other suitable protocol. Softer 
handover controllers (SHC) 122, 124, each of which is 
associated with one or more site controllers 105, 110, 
115, 120 may be provided for combining signals from 

45 several base stations to improve overall reception. 
[0038] As shown in Fig. 6 the mobile terminal 1 1 4 is 
communicating simultaneously with base stations 102, 
103 via two radio links in a soft handover situation. 
Thus, base stations 102, 103 are in the Active set of 

so mobile terminal 114. When a pilot or beacon signal of a 
base station such as 106 in the Neighbour Set exceeds 
a predetermined threshold level, for instance, the base 
station 106 may be added to the Candidate Set and 
removed from the Neighbour Set of the mobile terminal 

55 114. The mobile terminal 114 may either communicate 
a message to the original base stations 102, 103 identi- 
fying the new base station 106 and a decision made as 
to whether to establish communication between the new 
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base station 106 and the mobile terminal 1 14 or, which 
is the preferred embodiment of the present invention, 
the mobile terminal 114 decides whether communica- 
tions should also begin with base station 106. Should 
the communication system 100 or the mobile terminal 5 
1 1 4 decide a soft handover is necessary, the mobile ter- 
minal 114 sends a handover request to the new base 
station 106 with identifying information about the mobile 
terminal 114 as well as explicit information defining 
each of the nodes of the network which support the cur- /o 
rent communication. The handover request may include 
the or a currently authenticated signature, a request to 
establish communications with the target base station 
106, a list of the addresses of the nodes of the network 
which are involved in the present call and, optionally, a 15 
specification of the appropriate QoS of the communica- 
tion. This list will include at least the addresses of site 
controller 1 05, and the BSC 1 25 and optionally the SCH 

105 and base stations 102, 103 or more nodes higher in 

the network. On receipt of the message, base station 20 

106 examines the list of addresses of the nodes sup- 
porting the current call as well as the signature of 
mobile terminal 114. As explained with respect to the 
first embodiment it is preferred if a target base station 
such as 1 06 is able to verify the signature of mobile ter- 2 s 
minal 114 without having to interrogate the network. 
Accordingly, the pre-authenticated signature or list of 
signatures is previously sent by the network to all the 
nodes supporting the current communication path and 
stored in each one. The target base station 106 deter- 30 
mines that the BSC 125 is common to both the list of 
addresses and its own usual communication path 
through the network, i.e. the BSC 125 is part of its com- 
munication tree. Base station 106 then instructs BSC 
125 to set up new path including the new radio link 3S 
between base station 106 and mobile terminal 114. The 
command includes the signature of the mobile terminal 
114. The BSC 125 compares the received signature 
with the signature or the list of signatures it has previ- 
ously received from the network. Assuming the BSC 40 
125 finds the signature, i.e. it has already been authen- 
ticated, BSC 125 instructs the SHC 122 to make ports 
available to carry communications to and from base sta- 
tion 106 and to soft combine the new communication to 
and from base station 106 with the communications 45 
from base stations 1 02, 1 03. If this is not possible as not 

all the communications go through SHC 122 the soft 
combining may be done in BSC 1 25. Once the new path 
is set up, target base station 106 acknowledges the 
handover request to mobile terminal 1 1 4. The acknowl- 50 
edgement message may identify a new Active Set to the 
mobile terminal 114 that includes the original base sta- 
tions 102, 103 and the new base station 106. The 
mobile terminal 114 searches for the information signal 
(pilot) transmitted from the new base station 106 and 55 
communication is established with the new base station 
106 without termination of communication through the 
original base stations 102, 103 (Fig. 7). 
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[0039] If the target base station 1 06 does not recog- 
nise any address in the list of addresses from the mobile 
114 which is known to be in the communication tree of 
the target base station 106, an alternative procedure is 
necessary. The target base station may pass the 
handover request and the list of addresses to the BSC 
125 which then determines if one of the addresses 
relates to a network node which is associated with this 
BSC 125, e.g. a neighbouring BSC. If so, the BSC 125 
sets up the new path to the neighbouring BSC and to 
the target base station 106 using a BSC-BSC direct 
communication link mentioned above. If BSC 125 does 
not recognise any of the addresses, the handover 
request may be sent up the hierarchical layers of the 
network until a node is found which can connect to one 
of the nodes whose address is in the list. Alternatively, if 
a suitable switch is not found within a ore-determined 
time, a new route may be established to target base sta- 
tion 106 using conventional techniques. 
[0040] When the mobile terminal 114 is communi- 
cating through two or more base stations 102, 103, 106, 
it continues to monitor the signal strength of pilot signals 
from the base stations of the Active Set, the Candidate 
Set, and the Neighbour Set. Should the signal strength 
corresponding to a base station 102, 103, 106 of the 
Active Set drop below a predetermined threshold for a 
period of time, or the signal quality deteriorate so that it 
no longer meets the QoS requirements, the communi- 
cation system 100 or more preferably the mobile termi- 
nal 114 may decide to terminate communications 
through this base station 102, 106. 
[0041] In accordance with a modification of this 
embodiment communication from a mobile terminal 
may be restricted to a limited number of base stations 
simultaneously, e.g. two. This reduces the simultaneous 
use of radio and network resources for the same com- 
munication. However, although only two base stations 
are used simultaneously, the above procedure guaran- 
tees that any new communication path set up to a 
potential target base station meets the QoS require- 
ments and also includes a re-use of the old communica- 
tion path. 

[0042] As described above the procedure in 
accordance with the present invention is described as 
being used to decide a member of the active list. In an 
alternative of the second embodiment, the same proce- 
dure may be used to determine a new member of the 
Candidate list. In this case the same procedure as 
described above is used once a pilot or beacon signal of 
a base station in the Neighbour Set exceeds a predeter- 
mined threshold level. This target base station is not 
immediately added to the Candidate list but rather the 
procedure for setting up the new path in the network is 
carried out as described above. The mobile terminal 
sends the list of addresses of the nodes of the network 
supporting the existing call with a request for communi- 
cation to the target base station and the new path is set 
up to the target base station making reuse of the exist- 



EP 0 996 304 A1 



10 



EP 0 996 304 A1 



20 



ing route. Thus, after carrying out the procedure in 
accordance with the present invention, parallel routes 
are set up through the network each capable of meeting 
the QoS requirement of the current transmission, how- 
ever, only the old route or routes supports or support the 
current communication. The final decision to bring a 
member base station of the Candidate list to the Active 
list and to start an active duplex communication there- 
with can be made at a later time. In accordance with this 
embodiment the network resources are set up for each 
member of the candidate list but the radio resources are 
only committed at a later time. This ties up the network 
resources possibly unnecessarily but network 
resources are normally not the limiting resources com- 
pared with the radio resources. 
[0043] In accordance with a third embodiment of 
the present invention a combination of route extension 
and partial path replacement during handover with 
optional partial re-routing after handover is used. In 
accordance with this embodiment one node of the net- 
work is designated as an anchor node during the 
handover and remains as one node of the communica- 
tion path both before and after the handover. Typically, 
one type of node, for example, a base station controller 
or a mobile switching centre will be assigned the duties 
of the anchor for handovers. Whichever network ele- 
ment is chosen for this role, it is preferably if each such 
element can communicate with each other element 
within the network. For instance, as shown in Fig. 8, the 
anchor node may be an anchor BSC 125. As long as 
any handover can be routed through this BSC 125 
alone, the procedure as described for the second 
embodiment is carried out. However, when a handover 
is necessary to a target base station such as 201 which 
no longer has the anchor BSC 125 in its communication 
tree, a different procedure is carried out. Let us assume 
that the mobile terminal 1 14 is currently in communica- 
tion with base stations 107, 108 and has decided to 
crate a new radio link to base station 201 (soft hando- 
ver). The handover request from the mobile terminal 
114 to the target base station 201 preferably includes 
the or a signature of the mobile terminal 114, the list of 
addresses of the current nodes (107, 108, 110, 122, 
125) of the current communications tree and the 
optional definition of QoS requirements for the new link. 
The target base station 201 consults the list of 
addresses, recognises none of them and transfers the 
list of addresses and the other items of the handover 
request to the BSC 225. The BSC 225 then examines 
the list and identifies the address in the list which relates 
to a neighbouring BSC, namely the anchor BSC 125 
and sends a handover request to BSC 125 including the 
signature of the mobile terminal 114. The BSC 125 
being the anchor BSC recognises the signature as an 
authentic one and sets up a communication between 
itself and the anchor BSC 225 along a communication 
path which directly connects the two BSC'S 125, 225 
while maintaining the existing communications to base 



stations 107, 108. The new link is then set up with the 
target base station 201 using the existing communica- 
tions path up to the anchor BSC 125 and then a new 
path via the BSC 225, SHC 222, site controller 205 to 

5 the target base station 201. Signal combining of all 
three links may be carried out in the anchor BSC 125. 
[0044] As long as some communication passes 
through one of the base stations 101-108 which are the 
base stations dependent on the communications tree 

w from anchor BSC 125, this BSC 125 remains as the 
anchor. However, after several handovers a time will 
come when no communications pass through one of the 
base stations 101-108 anymore. At such a time a partial 
path re-routing and optimisation operation can be car- 
ts ried out to simplify the communication path, e.g. by 
eliminating the anchor BSC 125 in the communication 
path by transferring the anchor property of the BSC 125 
to the new BSC 225. In accordance with the present 
invention this is preferably done outside a handover 

20 operation. This is also preferably true for any path re- 
routing required to upgrade the QoS of a call. 
[0045] A fourth embodiment of the present inven- 
tion will be described as a modification of the second 
and third embodiments. The fourth embodiment relates 

25 to mobile telecommunication systems which use fast 
power control, for instance CDMA systems or other sys- 
tems using spread spectrum tecniques like direct 
sequence spreading. Fast power control is described in 
US 5,056,109, for instance. In fast power control, the 

so transmit power of a mobile terminal is controlled from 
the base station. Each base station receiver of a cell 
measures the strength of the signal received from each 
mobile terminal. The measured signal strength is com- 
pared to a desired signal strength level for the mobile 

35 terminals in the cell. A power control adjustment com- 
mand is sent to each mobile terminal with which the 
base station transceiver is in communication. In 
response to the power adjustment command, each 
mobile unit increases or decreases its transmit power by 

40 a predetermined amount, e.g. 1 dB or makes no 
change. The power adjustment command is transmitted 
by the base station transmitter at a relatively high rate, 
typically of the order of one per millisecond. 
[0046] In accordance with the fourth embodiment 

45 the fast power control is started by the target base sta- 
tion before the new path has been set up through the 
network to the target base station. Thus, even before 
the radio link for traffic to and from the target base sta- 
tion and the mobile terminal has been completely set 

so up, the target base station starts to fast power control 
the mobile terminal. Hence, the fourth embodiment is a 
modification of either the second or third embodiment 
(other details remaining the same) in which fast power 
control is started by the target base station substantially 

55 immediately on receipt of the handover request and 
before the receipt of the handover command from the 
mobile terminal 114. Other details of the second and 
third embodiments remain as previously described. The 
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fast power control commands may be sent in a suitable 
channel from the target base station to the mobile termi- 
nal. The fast power control of the mobile terminal before 
the communication from the target base station may 
deny the mobile terminal of the spatial diversity pro- 
vided by the radio linkfrom the target base station whcih 
may result in power being reduced and the loss or wors- 
ening of the reception of the existing radio links. It is pre- 
ferred, however, if one mobile terminal receives poor 
reception for a short period of until the handover is com- 
plete rather than endangering many communiactions in 
the target cell. 

[0047] While the invention has been shown and 
described with reference to preferred embodiments, it 
will be understood by those skilled in the art that various 
changes or modifications in form and detail may be 
made without departing from the scope and spirit of this 
invention as defined in the attached claims. For exam- 
ple, the present invention is not limited to handover pro- 
cedures. For instance, if the communication with a 
current base station is lost the mobile terminal may 
attempt call re-establishment with the previous base 
station or an alternative base station, whichever has the 
pilot or beacon with the best signal quality using a 
request similar to the forward handover request 
described with respect to the above embodiments. The 
mobile terminal sends the list of addresses of the nodes 
of the network supporting the now-lost call with the call 
re-establishment request to the chosen target base sta- 
tion. As the network receives exact details of the nodes 
in the network supporting the now-lost call via the new 
base station, the call can be re-established in the mini- 
mum of time. As the target base station may address a 
suitable switch in the existing communication path 
quickly and directly thanks to the explicit address infor- 
mation in the request from the mobile terminal there is a 
significantly improved possibility that the call is still 
pending at the chosen switch. 

Claims 

1. A method of operating a telecommunications sys- 
tem in which mobile terminals may communicate 
with base stations over an air interface and a com- 
munications network is provided for linking each 
base station to other points in the network via one 
or more nodes, a communication to another user 
terminal being supported by one or more first radio 
links between one or more current base stations 
and a mobile terminal through a plurality of current 
nodes of the system, the method comprising the 
steps of: 

providing to the mobile terminal information 
defining explicitly a least some of the current 
nodes of the communications network support- 
ing the communication; and, in preparation for 
setting up a further radio link between the 



mobile terminal and a target base station while 
the current one or more first radio links are still 
supporting the communication or one or more 
of the first radio links has just been lost: the 
5 mobile terminal transmitting the information 

defining explicitly a least some of the current 
nodes of the communications network support- 
ing the communication to the target base sta- 
tion. 

w 

2. A method according to claim 1 , wherein the infor- 
mation is list of addresses of the relevant network 
nodes. 

is 3. A method according to claim 1 or 2, further com- 
prising the step of at least partially re-using the old 
communication path supporting the one or more 
first radio links for the new communication path 
including the further radio link, whereby the reused 

20 part of the old communication path terminates on 
one of the nodes defined in the information. 

4. A method according to any of the previous claims, 
wherein the method is part of handover procedure 
25 or call re-establishment or assignment of a target 
base station to candidate set from neighbour set or 
assignment of a target base station from candidate 
set to active set. 

30 5. A method according to claim 4, wherein the method 
is part of a handover procedure and the further 
radio link is set up before the one or more first radio 



35 6. A method according to any previous claim, further 
comprising the steps of: providing the mobile termi- 
nal with pre-authenticated reference data for that 
mobile terminal; copying the pre-authenticated ref- 
erence data to at least some of the current nodes of 

40 the communications network supporting the com- 
munication; and, in preparation for setting up the 
further radio link between the mobile terminal and 
the target base station: the mobile terminal trans- 
mitting at least a part of the pre-authenticated refer- 

45 ence data to the target base station. 

7. A method according to any previous claim, further 
comprising the step of: 

so the target base station beginning fast power 

control with the mobile terminal in preparation 
for setting up the further radio link between the 
mobile terminal and the target base station 
before the path through the network supporting 
the further radio link is complete. 

8. A telecommunication system in which mobile termi- 
nals communicate with base stations over radio 
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a communications network for linking each 
base station to other points in the network via 
one or more nodes, a communication between 
a mobile terminal and another user terminal 
being connected via one or more first radio 
links to one or more current base stations and 
through a plurality of current nodes of the net- 
work, wherein, in preparation for setting up a 
further radio link between the mobile terminal 
and a target base station while the current one 
or more first radio links are still supporting the 
communication or one or more of the first radio 
links has just been lost, the mobile terminal is 
adapted to transmit to the target base station 
information defining explicitly at least some of 
the current nodes of the communications net- 
work supporting the communication. 

9. A system according to claim 8, wherein the informa- 
tion is list of addresses of the relevant network 



10. A system according to claim 8 or 9, wherein the 25 
communication path including the further radio link 
partially re-uses the communication path including 
the one or more first radio links, the reused part ter- 
minating on one of the nodes defined in the infor- 



11. A system according to any of the claims 8 to 10, 
wherein the system is adapted to provide the 
mobile terminal with pre-authenticated reference 
data for that mobile terminal and for copying the 35 
pre-authenticated reference data to at least some 
of the current nodes of the communications net- 
work supporting the communication, and, in prepa- 
ration for setting up the further radio link between 
the mobile terminal and the target base station, the 40 
mobile terminal is adapted to transmit to the target 
base station at least a part of the pre-authenticated 



12. A system according to any of the claims 8 to 11, 45 
wherein the target base station is adapted to begin 
fast power control with the mobile terminal station 
before the path through the network supporting the 
further radio link is complete. 

50 

13. A method of operating a telecommunications sys- 
tem in which mobile terminals may communicate 
with base stations over an air interface and a com- 
munications network is provided for linking each 
base station to other points in the network via one 55 
or more nodes, a communication to another user 
terminal being supported by one or more first radio 
links between one or more current base stations 



and a mobile terminal through a plurality of current 
nodes of the system, the method comprising the 
steps of providing the mobile terminal with pre- 
authenticated reference data for that mobile termi- 
nal ; copying the pre-authenticated reference data to 
at least some of the current nodes of the communi- 
cations network supporting the communication; 
and, in preparation for setting up a further radio link 
between the mobile terminal and a target base sta- 
tion while the current one or more first radio links 
are still supporting the communication or one or 
more of the first radio links have just been lost: the 
mobile terminal transmitting at least a part of the 
pre-authenticated reference data to the target base 
station. 

14. A telecommunication system in which mobile termi- 
nals communicate with base stations over radio 
links, comprising: 

a communications network for linking each 
base station to other points in the network via 
one or more nodes, a communication between 
a mobile terminal and another user terminal 
being connected via one or more first radio 
links to one or more current base stations and 
through a plurality of current nodes of the net- 
work, wherein, the system is adapted to pro- 
vide the mobile terminal with pre-authenticated 
reference data for that mobile terminal and for 
copying the pre-authenticated reference data 
to at least some of the current nodes of the 
communications network supporting the com- 
munication, and, in preparation for setting up a 
further radio link between the mobile terminal 
and a target base station while the current one 
or more first radio links are still supporting the 
communication or one or more of the first radio 
links have just been lost, the mobile terminal is 
adapted to transmit to the target base station at 
least a part of the pre-authenticated reference 
data. 

15. A method of operating a telecommunications sys- 
tem in which mobile terminals may communicate 
with base stations over an air interface and a com- 
munications network is provided for linking each 
base station to other points in the network via one 
or more nodes, a communication to another user 
terminal being supported by one or more first radio 
links between one or more current base stations 
and a mobile terminal through a plurality of current 
nodes of the system, the method comprising the 
steps of: 

in preparation for setting up a further radio link 
between the mobile terminal and a target base 
station while the current one or more first radio 
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links are still supporting the communication or 
one or more of the first radio links has just been 
lost: 

the target base station beginning fast power 
control with the mobile terminal before the path 5 
through the network supporting the further 
radio link is complete. 

16. A telecommunication system in which mobile termi- 
nals communicate with base stations over radio 10 
links, comprising: 

a communications network for linking each 
base station to other points in the network via 
one or more nodes, a communication between is 
a mobile terminal and another user terminal 
being connected via one or more first radio 
links to one or more current base stations and 
through a plurality of current nodes of the net- 
work, wherein, in preparation for setting up a 20 
further radio link between the mobile terminal 
and a target base station while the current one 
or more first radio links are still supporting the 
communication or one or more of the first radio 
links has just been lost, the target base station 25 
is adapted to begin fast power control with the 
mobile terminal station before the path through 
the network supporting the further radio link is 
complete. 

30 

17. A mobile terminal for use in a telecommunication 
system in which mobile terminals communicate 
with base stations over a radio interface via one or 
more radio links, the mobile terminal being adapted 

to transmit to a target base station information 35 
defining explicitly at least some of the current 
switching nodes of the communications network 
supporting an existing communication between the 
mobile terminal and one or more current base sta- 
tions over one or more current radio links in prepa- 40 
ration for setting up a new radio link between the 
mobile terminal and the target base station while 
the one or more current radio links are supported or 
have just been lost. 

45 

18. A mobile terminal according to claim 17, wherein 
the information is list of addresses of the relevant 
communications network nodes. 

19. A network element for use in a telecommunication so 
system in which mobile terminals communicate 
with base stations over radio links, the network ele- 
ment being adapted to receive information explicitly 
defining at least some of the current nodes of the 
communications network supporting an existing 55 
communication between a mobile terminal and one 

or more current base stations over one or more cur- 
rent radio links, and for setting up a communica- 



tions path with a further network element using the 
explicit information in preparation for setting up a 
further radio link between the mobile terminal and 
the target base station while the current radio links 
are still supported or have just been lost. 

20. A system or method according to any previous 
claims, wherein the explicit information defining 
nodes supporting the existing communication 
includes explicit information defining at least two 
levels of a hierarchical telecommunications net- 
work. 
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